Pulmonary hypertension (PH) is often associated with cardiopulmonary co-morbidities, especially in older adults. A multispecialty approach to suspected PH is recommended, but there are few data on adherence to guidelines or outcomes in such patients. This was a single-center retrospective study of consecutively evaluated Veteran patients with suspected PH evaluated in a multispecialty PH clinic at a Veterans Affairs Medical Center, evaluating clinical characteristics, workup outcomes, and prognosis. The referral population (n ¼ 125) was older (mean AE SD age ¼ 73.6 AE 9.8 years) with frequent co-morbidities (e.g. COPD 60%) and obesity (mean AE SD BMI ¼ 32.8 AE 8.1 kg/m 2 ). Of 94 patients undergoing right heart catheterization (RHC), 73 (78%) had confirmed PH (mean pulmonary artery pressure ! 25 mmHg). PH was associated with higher BMIs (odds ratio [95% CI] for PH per 1 unit increase ¼ 1.10 [1.02-1.19]) and brachial pulse pressures (odds ratio per 1 mmHg increase ¼ 1.07 [1.02-1.13]). Seventy out of 73 were classifiable by WHO PH groupings. Most patients underwent guideline-recommended PH evaluation. Observed one-year mortality was high (17.8%); the one-year hospitalization rate was 34.2%. These results compare favorably to observations from the VA Clinical Assessment, Reporting, and Tracking cohort of Veterans with PH by RHC (19.1% and 60.9% one-year mortality and hospitalization rates, respectively). Multispecialty PH clinic evaluation revealed a high prevalence of co-morbidities in veterans with suspected PH; PH was prevalent in this referral population. PH patients had significant morbidity and mortality but supportive care measures improved following PH evaluation. Further prospective randomized study is needed to determine if a multispecialty clinic approach improves PH morbidity and mortality in veterans.
Pulmonary hypertension (PH) is a condition in which elevated pulmonary artery pressures (PAPs) can lead to right ventricular dysfunction, dilation and hypertrophy, and eventually heart failure and death. Elevated PAPs are prevalent in the community and are relatively common in older adults. 1, 2 Many medical conditions are associated with PH, 3 including conditions commonly found in veterans, such as chronic obstructive pulmonary disease (COPD), obstructive sleep apnea, heart failure, and liver disease. As a result, in veterans, about 14% of echocardiograms, a well-established screening test for PH, show evidence of PH. 4 However, despite evidence of PH being a frequent finding on echocardiograms, studies have shown that PH is often mis-or underdiagnosed in both veterans 4, 5 and non-veterans. 6 To address this issue at our VA medical center, we undertook efforts to establish a referral clinic for veterans with known or suspected PH. Because veterans with PH often have multiple cardiopulmonary co-morbidities associated with PH, 7 we utilized a multispecialty model for the clinic, with staffing by both pulmonary and cardiology physicians. In the current report, we describe the development of a multispecialty PH clinic in the VA healthcare system, and report on the evaluation and outcomes of patients referred to our PH clinic.
Methods

Study design
This report includes narrative description of a multispecialty PH clinic as well as results and outcomes of patients referred to the PH clinic. Patient data were collected prospectively in clinic as part of clinical care and are retrospectively reviewed. This study was approved by the IRB of the Providence VA Medical Center (IRB no. 2014-009).
Study population
The study population consisted of the first 125 consecutive patients referred to the Multispecialty Pulmonary Hypertension clinic at the Providence VA Medical Center who attended at least one clinic visit.
Outcomes
The main study outcomes are: (1) the results of diagnostic workup for PH, including right heart catheterization (RHC); (2) the adequacy of diagnostic workup and prognostic assessment for PH in patients confirmed to have PH by RHC; (3) clinical outcomes including hospitalizations and mortality; and (4) changes in treatment and functional status for patients with confirmed PH and at least one follow-up visit. PH was defined as a mean pulmonary artery pressure (mPAP) ! 25 mmHg on RHC.
Exposure
The main exposure in the study was referral to the multispecialty PH clinic at the Providence VA Medical Center.
Statistical analysis
Complete statistical methods are included in the Supplement. Baseline characteristics were stratified by presence of PH on RHC (PH by RHC group, mPAP ! 25 mmHg), absence of PH on RHC (No PH by RHC group, mPAP < 25 mmHg), and by patients who did not undergo or had a technically inadequate RHC without measurement of mPAP (Unknown PH status group). The baseline characteristics of the PH by RHC group were compared to the No PH by RHC group. The association between baseline characteristics that were significantly different in the PH by RHC and No PH by RHC groups and PH was further assessed using univariate logistic regression. The RHC hemodynamics were described in the PH by RHC and No PH by RHC groups. Differences in hemodynamic values were compared between the two groups.
Adequacy of PH workup was described as the frequency with which guideline appropriate testing (included in Supplemental Methods) was performed in patients confirmed to have PH. 8 Survival from time of first clinic visit was assessed through the final follow-up date of 31 May 2016, and time to death for patients who died was calculated; one-year mortality from time of first clinic visit was calculated. A Kaplan-Meier survival curve for patients with confirmed PH by RHC was drawn.
Changes in treatment and functional status for patients with at least one follow-up visit after initial clinic visit were described. Prescription for new or changes in existing supportive medications and other treatments (loop diuretics, including dosage in furosemide equivalents; warfarin; digoxin; pulmonary arterial hypertension [PAH]-specific therapies; oxygen; CPAP or other non-invasive ventilation), as well as changes in mMRC dyspnea scale, six-minute walk testing (6MWT), and functional status from first visit to most recent clinic visit (through 31 May 2016) are presented. A follow-up visit was defined as a return visit to the PH clinic and/or a visit for RHC. Furosemide equivalents were defined as follows: 40 mg furosemide ¼ 1 mg bumetanide ¼ 20 mg torsemide ¼50 mg ethacrynic acid. Paired ttest for continuous variables, Wilcoxon signed ranks sums test for ordinal variables, or McNemar's chi-square testing for categorical variables was performed as appropriate to assess for changes in these characteristics between the first and most recent follow-up visit.
All analyses were performed using Stata/SE version 11.2 software (StataCorp LP). A two-sided P value < 0.05 was considered significant.
Results
The multispecialty PH clinic
The Supplement contains a complete description of the multispecialty PH clinic. The clinic is staffed by an attending cardiologist and attending pulmonologist with interests in PH clinical care and research. Patients are jointly seen and discussed by the PH attendings, data are reviewed, and a diagnostic and/or care plan established for each patient. Catheterization results are reviewed jointly by the PH attending team.
Baseline characteristics of patients in the multispecialty PH clinic
The baseline characteristics of the patients referred to PH clinic are described in Table 1 . The overall patient Table 1 ). They had higher dyspnea scores and worse functional class on average, and were more likely to have a history of coronary artery disease (CAD). They also had lower lung volumes and lower diffusion capacity of the lungs for carbon monoxide. (Table 3 ). Of patients with PH by RHC, 58% had a pulmonary artery occlusion pressure (PAOP) greater than 15 mmHg compared to 9.5% of patients without PH.
Adequacy of workup and prognostic assessment in patients with confirmed PH
Of the 73 patients with proven PH by RHC, 70/73 were classified according to WHO PH groupings after evaluation (Table 3) ; 3/73 (4.1%) could not be classified or were felt to have characteristics of more than one PH group. Most patients fell into WHO group 2 (54.8%); group 1 (8.2%) and group 4 PH (1.4%) were less common. Table 4 details the adequacy of PH workup in patients with PH by RHC. As demonstrated, most patients underwent guideline-recommended assessments. While frequency of assessment of left ventricular function, liver function, and pulmonary function were very high, assessment of HIV status was only completed in about two-thirds of patients.
Mortality
The observed one-year mortality in patients with PH by RHC was 13/73 patients (17.8%) ( Table 5) . Total mortality during the study period was 31.5%, with a median follow-up time for mortality of 303 days (IQR ¼ 112-551 days).
A Kaplan-Meier survival curve for the patients with RHC-confirmed PH is illustrated in Fig. 1 .
Hospitalizations, follow-up, treatment changes, and functional outcomes
Sixty-eight of the 73 patients (93.2%) with PH by RHC attended at least one follow-up visit, with a median clinic follow-up time of 270 days (IQR ¼ 91-466 days). Overall, 25 patients were hospitalized within one year of initial PH clinic visit (34.25%) ( Table 5 ). The number of hospitalizations within the first year after PH clinic visit was in the range of 0-6.
Of the 68 patients who attended at least one follow-up, the proportion receiving loop diuretics increased from 61.8% to 83.8% (P ¼ 0.0001) (Supplemental Table 3 ). Loop diuretic dosage increased on average from 41 AE 53 mg furosemide equivalents to 66 AE 59 mg furosemide equivalents (P < 0.001). Significantly more patients were prescribed oxygen and CPAP at follow-up than had been prescribed these interventions at their initial clinic assessment (Supplemental Table 2 ). Six-minute walk distance (6MWD) did not change significantly in the limited number (n ¼ 26) with more than one 6MWT, while dyspnea scores (n ¼ 57) were slightly worse on average at follow-up.
Discussion
Joint pulmonary-cardiology collaboration on PH management is more likely to be reported by non-U.S. clinicians 9 than U.S. clinicians. A prior report of a multidisciplinary care team for PH consisting of rheumatology, pulmonology, cardiology, and specialized nurses described a diagnostic algorithm for PH assessment. 10 Guidelines suggest that the interpretation of complex testing in PH ''may best be discussed at a multidisciplinary team meeting,'' 11 and this type of multidisciplinary approach is being increasingly advocated. 12 However, there are few data to inform this approach. We now show that veteran patients undergoing PH evaluation at a multispecialty PH clinic within the VA generally undergo comprehensive guideline-based assessments. In a prior study of veterans with abnormally high PAPs on echocardiogram, only a small fraction (5/227, 2.2%) ultimately underwent RHC. 5 In another study of veterans with a pulmonary artery systolic pressure ! 60 mmHg on echocardiogram, only a minority underwent further diagnostic testing such as pulmonary function testing with diffusion capacity measurement, V/Q scan or chest computed tomography angiography, or RHC. 4 Referral to a multidisciplinary PH clinic resulted in completion of guideline-recommended assessments 8 in the majority of our patients with PH.
In our PH clinic population, 95/125 (76%) underwent RHC. This percentage is identical to that in the Multicenter RePHerral study, in which 106/140 patients (76%) underwent RHC (47 pre-referral and 59 post-referral). 6 In the RePHerral study, 14% of patients undergoing RHC were found not to have PH, 6 while in our study the percentage was about 22%. Therefore, the percentage of patients undergoing RHC in our study and the percentage being found to have/not have PH was in line with this prior published report from several specialty PH centers. We note that about 10% of our PH patients were placed in WHO groups 1 or 4 following evaluation, and these patients would not have been managed appropriately had they not undergone comprehensive evaluation, including RHC. Our results suggest that the evaluation of patients with PH in a multispecialty PH clinic can result in performance of an appropriate diagnostic workup in veterans with PH. We were also able to describe changes in care that were made in response to the diagnosis of PH in our patient population, which suggest that this evaluation leads to more appropriate supportive measures. Mortality in patients with RHC-confirmed PH was significant in our study, with a one-year mortality of 17.8% and total mortality of over 30% during the study follow-up period. The one-year mortality rate in our PH patients was higher than was reported in the REVEAL cohort, in which one-year survival following enrollment was 91.0%. 13 However, the REVEAL cohort included patients with PAH, who were notably younger (mean age AE SD ¼ 50.4 AE 16.8 years versus 72.8 AE 9.0 years in patients with PH in our cohort) and had longer 6MWDs than our cohort. 13 Furthermore, most of the PH patients in our cohort had non-PAH PH. Therefore, comparisons of this veteran PH population with the REVEAL registry of patients with PAH may not be appropriate.
Data from the VA Clinical Assessment, Reporting, and Tracking (CART) program may provide a better basis for While the CART report provided comprehensive hemodynamic data on a large number of veterans who had undergone RHC, our current study differs significantly from the prior report. The CART population was referred for RHC for a variety of indications, mainly valvular heart disease, cardiomyopathy, and heart failure, 14 whereas our patient population underwent catheterization principally for suspicion of PH. The lower PAOPs and higher PVRs in our patients may reflect the fact that they were undergoing catheterization for suspected PH. Because these patients were assessed in a systematic fashion for PH-related conditions, we are able to describe in detail the clinical, functional, and echocardiographic factors associated with PH in our cohort, data that are not available in CART. This information may help in future risk-stratification efforts focused on suspected PH in the veteran population or in other older cohorts. We were also able to classify patients by PH grouping following a comprehensive diagnostic assessment as summarized above. These details were not available in the prior report.
The prior report of RHC data from the VA CART database was focused on the association between PAP level and mortality in this population and reported outcomes data. 14 Veterans with PH in the CART cohort had a one-year mortality rate of 19.1% 14 compared to the 17.8% observed in our study population. The one-year hospitalization rate in PH patients in the CART cohort was 60.9%, 14 while in our cohort the one-year hospitalization rate was 34.2%. The differences between our results and the outcomes in the CART cohort may reflect confounding factors. Whether PH care in a multispecialty clinic setting improves morbidity and/or mortality in the veteran population with PH requires further study.
Our study has several limitations. Given the retrospective nature of the study and the utilization of clinical data that were collected during routine care, some missing data were inevitable. However, test results and outcomes data were available for most patients. We have noted the above studies reporting potential historical controls for our patient group. However, to our knowledge, the multispecialty model for PH care is novel within the VA healthcare system and we lack directly comparable data on PH-specific care from other VA sites or an internal control group. We have reported information on morbidity and mortality in our patient population, but we lacked an appropriate prognostic model with specificity for the veteran and/or older PH population.
In summary, our report indicates that a comprehensive diagnostic approach to PH in veteran patients with a high prevalence of cardiopulmonary co-morbidities is feasible and results in a high rate of completion of guideline-based testing as well as improved supportive care measures for PH patients in follow-up. This approach may reduce morbidity in this patient population, but confirmation will require further research.
